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(57) A braking force controller causes a first actuator
unit to generate a target jerk when the target jerk is equal
to or larger than a first jerk, causes the first actuator unit
to generate the first jerk and a second actuator unit to
generate a jerk obtained by subtracting the first jerk from
the target jerk as an additional jerk when the target jerk
is smaller than the first jerk and equal to or larger than
the sum of the first jerk and a second jerk, and causes
the first actuator unit to generate the first jerk and the
second actuator unit to generate the second jerk as the
additional jerk when the target jerk is smaller than the
sum of the first jerk and the second jerk.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a braking force control-
ler mounted on a vehicle and configured to control a brak-
ing force of the vehicle. The invention also relates to a
vehicle.

2. Description of Related Art

[0002] Various technologies are proposed in order to
improve ride comfort or operation feel in vehicles. For
example, Japanese Unexamined Patent Application
Publication No. 10-280990 (JP 10-280990 A) discloses
a fuel cut controller configured such that, when a vehicle
is decelerated and when a fuel cut is prohibited in order
to prevent deterioration of a catalyst at its high temper-
ature, compensation is made for a deceleration force by
an alternator, an air conditioner, a brake, a gear shift,
and the like so as to obtain an expected deceleration
force. Japanese Unexamined Patent Application Publi-
cation No. 2006-297994 (JP 2006-297994 A) discloses
a vehicle integrated controller configured such that a con-
trol target determined based on a user’s operation
amount is allocated between a drive system and a control
system depending on an allocation ratio and a stabiliza-
tion system is caused to perform correction processing
by transmitting the unallocated control target to eliminate
the need for the stabilization system to synchronize al-
located values of the control target, thereby reducing a
delay and improving a response to the operation.
[0003] In various types of control, there is proposed
control using a physical quantity called jerk. A jerk j is a
third derivative of a position x in terms of a time t (j =
d3x/dt3), and the units for its magnitude are, for example,
meter per cubic second (m/s3). As understood from this
definition, the jerk is the change rate of an acceleration.
If the absolute value of a jerk generated in a vehicle or
an operation machine is relatively large, the direction and
the magnitude of a force applied to each portion change
abruptly. Therefore, the vehicle or the operation machine
is shocked due to, for example, an impact between com-
ponents. Japanese Unexamined Patent Application Pub-
lication No. 2004-137702 (JP 2004-137702 A) discloses
an actuator controller for an operation machine, which is
configured such that a jerk is estimated based on a target
speed calculated in response to an operation input to an
actuator of the operation machine and, when the esti-
mated jerk is larger than a predetermined value, the tar-
get speed is corrected so that the jerk is equal to or small-
er than the predetermined value to suppress a shock to
be caused by a sudden motion of the operation machine,
thereby avoiding failure and a decrease in operation sta-
bility.

SUMMARY OF THE INVENTION

[0004] In order to achieve dynamic and sporty ride
comfort in the vehicle, it is desirable to provide an appro-
priate deceleration feel to a user in, for example, a coast-
ing state in which the user depresses neither an accel-
erator pedal nor a brake pedal after the user stops de-
pressing the accelerator pedal.
[0005] Factors in the appropriate deceleration feel in-
clude not only a reduction in a negative acceleration un-
der the assumption that the traveling direction of the ve-
hicle is defined as a positive direction (an increase in the
absolute value of the acceleration in a decelerating di-
rection of the vehicle) but also a reduction in a negative
jerk under the assumption that the traveling direction of
the vehicle is defined as the positive direction (a quick
increase in the absolute value of the acceleration in the
decelerating direction of the vehicle). Therefore, the ap-
propriate deceleration feel may be achieved by reducing
the negative jerk. If a machine provided in the vehicle is
shocked due to the negative jerk, the shock may be trans-
mitted to the user to deteriorate the ride comfort.
[0006] The invention provides a braking force control-
ler and a vehicle in which a shock can be suppressed
while providing an appropriate deceleration feel in a
coasting state of the vehicle.
[0007] A first aspect of the invention relates to a braking
force controller. The braking force controller is provided
for a vehicle including a differential gear, a first actuator
unit configured to generate a braking force in the vehicle
by transmitting a force to a wheel via the differential gear,
and a second actuator unit configured to generate a brak-
ing force in the vehicle by transmitting a force to the wheel
without intervention of the differential gear. The braking
force controller is configured to control the braking forces
to be generated in the vehicle in a coasting state in which
an operation amount of an accelerator pedal changes to
0 from a value other than 0 and an operation amount of
a brake pedal is 0. The braking force controller includes
a processor. The processor is configured to: calculate a
target jerk to be generated to obtain the braking forces,
the target jerk being a target value of a jerk that is negative
when a traveling direction of the vehicle is defined as a
positive direction; calculate a first jerk that causes no
shock in the differential gear when the first jerk is gener-
ated by the first actuator unit, the first jerk being a mini-
mum jerk when the traveling direction of the vehicle is
defined as the positive direction; calculate a second jerk
generable by the second actuator unit, the second jerk
being a minimum jerk when the traveling direction of the
vehicle is defined as the positive direction; and control
the first actuator unit and the second actuator unit to gen-
erate jerks at a start of the coasting state. The processor
is configured to: i) cause the first actuator unit to generate
the target jerk when the target jerk is equal to or larger
than the first jerk; ii) cause the first actuator unit to gen-
erate the first jerk and the second actuator unit to gen-
erate a jerk obtained by subtracting the first jerk from the
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target jerk as an additional jerk when the target jerk is
smaller than the first jerk and equal to or larger than a
sum of the first jerk and the second jerk; and iii) cause
the first actuator unit to generate the first jerk and the
second actuator unit to generate the second jerk as the
additional jerk when the target jerk is smaller than the
sum of the first jerk and the second jerk.
[0008] In the first aspect, the processor may be con-
figured to calculate the target jerk based on a vehicle
speed.
[0009] In the first aspect, the processor may be con-
figured to calculate the target jerk based on at least one
of a drive mode and a road gradient. The drive mode
indicates a traveling characteristic specified by a user.
[0010] In the first aspect, the first actuator unit may
include at least an engine. The processor may be con-
figured to calculate the first jerk based on at least a tem-
perature of a coolant of the engine.
[0011] In the first aspect, the first actuator unit may
include at least a transmission. The processor may be
configured to calculate the first jerk based on at least a
gear ratio of the transmission.
[0012] In the first aspect, the second actuator unit may
include an in-wheel motor. The processor may be con-
figured to calculate the second jerk based on at least one
of a charging rate of a battery and a temperature of the
in-wheel motor. The battery is charged by regenerated
power of the in-wheel motor.
[0013] In the first aspect, the second actuator unit may
include a service brake. The processor may be config-
ured to calculate the second jerk based on a temperature
of a friction material of the service brake.
[0014] In the first aspect, the second actuator unit may
include an in-wheel motor and a service brake. The proc-
essor may be configured to: calculate a third jerk gener-
able by the in-wheel motor, the third jerk being a minimum
jerk when the traveling direction of the vehicle is defined
as the positive direction; cause the in-wheel motor to gen-
erate the additional jerk when the additional jerk is equal
to or larger than the third jerk; cause the in-wheel motor
to generate the third jerk when the additional jerk is small-
er than the third jerk; and cause the service brake to
generate a jerk obtained by subtracting the third jerk from
the additional jerk.
[0015] In the first aspect, the second actuator unit may
include a service brake. The service brake may be con-
figured such that a resistance force to the operation
amount of the brake pedal in a case where the braking
force is generated at a start of operation has a charac-
teristic different from a characteristic of a resistance force
to the operation amount of the brake pedal in a case
where the braking force is not generated at the start of
the operation. The processor may be configured to meas-
ure a foot transfer time ranging from the start of the coast-
ing state by the user to the start of the operation of the
brake pedal by the user, and determine, based on the
measured foot transfer time, a period in which the jerk is
generated by using the service brake.

[0016] A second aspect of the invention relates to a
vehicle. The vehicle includes: a differential gear; a first
actuator unit configured to generate a braking force in
the vehicle by transmitting a force to a wheel via the dif-
ferential gear; a second actuator unit configured to gen-
erate a braking force in the vehicle by transmitting a force
to the wheel without intervention of the differential gear;
and a braking force controller configured to control the
braking forces to be generated in the vehicle in a coasting
state in which an operation amount of an accelerator ped-
al changes to 0 from a value other than 0 and an operation
amount of a brake pedal is 0. The braking force controller
is configured to: calculate a target jerk to be generated
to obtain the braking forces, the target jerk being a target
value of a jerk that is negative when a traveling direction
of the vehicle is defined as a positive direction; calculate
a first jerk that causes no shock in the differential gear
when the first jerk is generated by the first actuator unit,
the first jerk being a minimum jerk when the traveling
direction of the vehicle is defined as the positive direction;
calculate a second jerk generable by the second actuator
unit, the second jerk being a minimum jerk when the
traveling direction of the vehicle is defined as the positive
direction; and control the first actuator unit and the sec-
ond actuator unit to generate jerks at a start of the coast-
ing state. The braking force controller is configured to: i)
cause the first actuator unit to generate the target jerk
when the target jerk is equal to or larger than the first
jerk; ii) cause the first actuator unit to generate the first
jerk and the second actuator unit to generate a jerk ob-
tained by subtracting the first jerk from the target jerk as
an additional jerk when the target jerk is smaller than the
first jerk and equal to or larger than a sum of the first jerk
and the second jerk; and iii) cause the first actuator unit
to generate the first jerk and the second actuator unit to
generate the second jerk as the additional jerk when the
target jerk is smaller than the sum of the first jerk and the
second jerk.
[0017] In the second aspect, the braking force control-
ler may be configured to calculate the target jerk based
on a vehicle speed.
[0018] In the second aspect, the braking force control-
ler may be configured to calculate the target jerk based
on at least one of a drive mode and a road gradient. The
drive mode indicates a traveling characteristic specified
by a user.
[0019] In the second aspect, the first actuator unit may
include at least an engine. The braking force controller
may be configured to calculate the first jerk based on at
least a temperature of a coolant of the engine.
[0020] In the second aspect, the first actuator unit may
include at least a transmission. The braking force con-
troller may be configured to calculate the first jerk based
on at least a gear ratio of the transmission.
[0021] In the second aspect, the second actuator unit
may include an in-wheel motor. The braking force con-
troller may be configured to calculate the second jerk
based on at least one of a charging rate of a battery and
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a temperature of the in-wheel motor. The battery is
charged by regenerated power of the in-wheel motor.
[0022] In the second aspect, the second actuator unit
may include a service brake. The braking force controller
may be configured to calculate the second jerk based on
a temperature of a friction material of the service brake.
[0023] In the second aspect, the second actuator unit
may include an in-wheel motor and a service brake. The
braking force controller may be configured to: calculate
a third jerk generable by the in-wheel motor, the third jerk
being a minimum jerk when the traveling direction of the
vehicle is defined as the positive direction; cause the in-
wheel motor to generate the additional jerk when the ad-
ditional jerk is equal to or larger than the third jerk; cause
the in-wheel motor to generate the third jerk when the
additional jerk is smaller than the third jerk; and cause
the service brake to generate a jerk obtained by subtract-
ing the third jerk from the additional jerk.
[0024] In the second aspect, the second actuator unit
may include a service brake. The service brake may be
configured such that a resistance force to the operation
amount of the brake pedal in a case where the braking
force is generated at a start of operation has a charac-
teristic different from a characteristic of a resistance force
to the operation amount of the brake pedal in a case
where the braking force is not generated at the start of
the operation. The braking force controller may be con-
figured to measure a foot transfer time ranging from the
start of the coasting state by the user to the start of the
operation of the brake pedal by the user, and determine,
based on the measured foot transfer time, a period in
which the jerk is generated by using the service brake.
[0025] According to the invention, it is possible to pro-
vide the braking force controller in which the shock can
be suppressed while providing the appropriate deceler-
ation feel in the coasting state of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a diagram illustrating a main configuration
of a vehicle according to each embodiment of the
invention;
FIG. 2 is a diagram illustrating functional blocks of a
braking force controller according to each embodi-
ment of the invention;
FIG. 3 is a flowchart illustrating processing according
to each embodiment of the invention;
FIG. 4 is a diagram illustrating an example of a map
of a target jerk according to each embodiment of the
invention;
FIG. 5 is a diagram illustrating an example of the
map of the target jerk according to each embodiment

of the invention;
FIG. 6 is a diagram illustrating an example of the
map of the target jerk according to each embodiment
of the invention;
FIG. 7 is a diagram illustrating how gear rattling oc-
curs;
FIG. 8 is a diagram illustrating an example of a map
of a first jerk according to each embodiment of the
invention;
FIG. 9 is a diagram illustrating an example of the
map of the first jerk according to each embodiment
of the invention;
FIG. 10 is a diagram illustrating an example of a map
of a second jerk according to each embodiment of
the invention;
FIG. 11 is a diagram illustrating an example of a re-
lationship between the charging rate of a storage
battery and the torque of an in-wheel motor;
FIG. 12 is a diagram illustrating an example of the
map of the second jerk according to each embodi-
ment of the invention;
FIG. 13 is a diagram illustrating an example of a re-
lationship between the temperature and the torque
of the in-wheel motor;
FIG. 14 is a diagram illustrating an example of the
map of the second jerk according to each embodi-
ment of the invention;
FIG. 15 is a diagram illustrating an example of a re-
lationship between the temperature and the torque
of a brake friction material;
FIG. 16 is a diagram illustrating an example of an
accelerator pedal operation amount according to
each embodiment of the invention;
FIG. 17 is a diagram illustrating an example of an
acceleration of the vehicle according to each em-
bodiment of the invention;
FIG. 18 is a diagram illustrating an example of the
acceleration of the vehicle according to each em-
bodiment of the invention;
FIG. 19 is a diagram illustrating an example of the
acceleration of the vehicle according to each em-
bodiment of the invention;
FIG. 20 is a diagram illustrating an example of an
acceleration of a vehicle according to a second em-
bodiment of the invention;
FIG. 21 is a diagram illustrating an example of the
acceleration of the vehicle according to the second
embodiment of the invention;
FIG. 22 is a flowchart illustrating processing accord-
ing to the second embodiment of the invention;
FIG. 23 is a diagram illustrating an example of a
brake pedal operation amount and an example of an
acceleration of a vehicle according to a third embod-
iment of the invention; and
FIG. 24 is a diagram illustrating an example of the
brake pedal operation amount and an example of
the acceleration of the vehicle according to the third
embodiment of the invention.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0027] A braking force controller according to the in-
vention controls a first actuator unit and a second actuator
unit. The first actuator unit transmits a braking force to a
wheel via a differential gear. The second actuator unit
transmits the braking force to the wheel without interven-
tion of the differential gear. The braking force controller
calculates a target jerk that is a target value of a jerk to
be generated in a vehicle when the vehicle is in a coasting
state. The braking force controller generates a jerk in the
first actuator unit within a range in which the vehicle is
not shocked, and generates a jerk corresponding to a
shortage of the target jerk in the second actuator unit
within a possible range.

First Embodiment

[0028] A first embodiment is described below in detail
with reference to the drawings. A speed, an acceleration,
a jerk, and the like are represented by signed values un-
der the assumption that a traveling direction of a vehicle
is positive.

Configuration

[0029] FIG. 1 illustrates a main configuration of a ve-
hicle 1 according to this embodiment. For example, the
vehicle 1 includes a first actuator unit 10, second actuator
units 20, a differential gear 30, wheels 40, and a braking
force controller 100. Each of the first actuator unit 10 and
the second actuator units 20 can transmit a force to the
wheel 40. A force transmission path between units is rep-
resented by a wide continuous line, and a control signal
path is represented by a narrow continuous line.
[0030] The first actuator unit 10 includes one or more
actuators. For example, in a case of an engine vehicle,
the first actuator unit 10 includes an engine, a transmis-
sion, and an alternator. In a case of an electric vehicle,
the first actuator unit 10 includes a motor or a transmis-
sion. In a case of a hybrid vehicle, the first actuator unit
10 includes an engine, a transmission, and a motor. The
first actuator unit 10 can generate not only a driving force
but also a braking force by using, for example, a line
pressure and a mechanical resistance of the engine and
the transmission and a regenerative load of the motor.
The driving force and the braking force generated by the
first actuator unit 10 are transmitted to the wheels 40 via
the differential gear 30. As in the illustrated example, one
differential gear 30 may be provided and the driving force
and the braking force generated by the first actuator unit
10 may be transmitted to two front wheels or two rear
wheels out of the wheels 40. Alternatively, two differential
gears 30 may be provided for the front wheels and for
the rear wheels and the driving force and the braking
force generated by the first actuator unit 10 may be trans-
mitted to all the wheels 40 via the differential gears 30.
[0031] Each second actuator unit 20 includes one or

more actuators. For example, the second actuator unit
20 includes either one or both of an in-wheel motor and
a service brake. In the illustrated example, the second
actuator units 20 are provided for all the wheels 40, re-
spectively. If the second actuator unit 20 includes the in-
wheel motor, the second actuator unit 20 can generate
a driving force, and can also generate a braking force by
using, for example, a regenerative load of the in-wheel
motor and a frictional resistance of the service brake.
The driving force and the braking force generated by each
second actuator unit 20 are transmitted, without interven-
tion of the differential gear 30, to the wheel 40 where the
second actuator unit 20 is provided.
[0032] The first actuator unit 10 and the second actu-
ator units 20 can generate the braking forces by appro-
priately operating their actuators in response to control
signals from the braking force controller 100. Based on
the sum of the braking forces generated by the first ac-
tuator unit 10 and the second actuator units 20, a jerk
corresponding to the sum of jerks indicated by received
instruction values is generated in the vehicle 1. The gen-
eration of the jerk in the vehicle through the generation
of the braking force by the first actuator unit 10 or the
second actuator unit 20 is hereinafter referred to as gen-
eration of the jerk by the first actuator unit 10 or the sec-
ond actuator unit 20.
[0033] In this embodiment, as long as the braking force
of the first actuator unit 10 is transmitted to at least a
subset of the wheels 40 via the differential gear 30 and
the braking force of the second actuator unit 20 is trans-
mitted to at least a subset of the wheels 40 without inter-
vention of the differential gear 30, the numbers of those
components and their arrangements are not limited. Fur-
ther, the types and the numbers of the actuators of the
first actuator unit 10 and the second actuator unit 20 are
not limited.
[0034] In the coasting state, the braking force controller
100 controls the first actuator unit 10 and the second
actuator units 20 to generate the braking forces and gen-
erate a negative jerk in the vehicle 1. FIG. 2 is a diagram
illustrating functional blocks of the braking force controller
100. The braking force controller 100 includes a target
jerk calculation unit 110, a first jerk calculation unit 120,
a second jerk calculation unit 130, and a jerk control unit
140. The braking force controller 100 may be formed of
a processor.
[0035] The target jerk calculation unit 110 calculates a
jerk to be generated in the vehicle in the coasting state.
The first jerk calculation unit 120 calculates a minimum
jerk that causes no shock in the vehicle even if the jerk
is generated in the first actuator unit 10. The second jerk
calculation unit 130 calculates a second jerk that is a
minimum jerk generable by each second actuator unit
20. The jerk control unit 140 controls the target jerk cal-
culation unit 110, the first jerk calculation unit 120, and
the second jerk calculation unit 130 to generate jerks in
the first actuator unit 10 and the second actuator units
20 in the coasting state.
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Processing

[0036] FIG. 3 is a flowchart illustrating an example of
processing to be executed by the braking force controller
100 while a user is driving the vehicle. An example of
jerk control by the braking force controller 100 is de-
scribed with reference to FIG. 3. This processing is ex-
ecuted in a state in which the vehicle 1 can travel by being
powered ON.
[0037] Step S101: The jerk control unit 140 constantly
acquires a user’s operation amount of an accelerator
pedal and a user’s operation amount of a brake pedal,
which are detected by an accelerator pedal sensor and
a brake pedal sensor provided in the vehicle 1, respec-
tively. Based on the acquired operation amount of the
accelerator pedal and the acquired operation amount of
the brake pedal, the jerk control unit 140 determines that
the vehicle 1 is in the coasting state when the jerk control
unit 140 detects that transition is made from a state in
which the user is operating the accelerator pedal (the
operation amount is not 0) to a state in which the user is
not operating the accelerator pedal (the operation
amount is 0) and the user is not operating the brake pedal
(the operation amount is 0).
[0038] When determination is made that the vehicle 1
is in the coasting state, the jerk control unit 140 proceeds
to Step S102. When determination is not made that the
vehicle 1 is in the coasting state, the jerk control unit 140
repeats Step S101, and waits until the vehicle 1 is in the
coasting state.
[0039] Step S102: The target jerk calculation unit 110
calculates a target jerk that is a target value of the jerk
to be generated in the vehicle. The target jerk is expected
to provide an appropriate deceleration feel to the user
when the vehicle 1 is in the coasting state, and is calcu-
lated by a predetermined method.
[0040] Examples of the method for calculating the tar-
get jerk are described. In each example, there is used a
map that defines the target jerk relative to a vehicle speed
in advance. FIGS. 4, 5, and 6 schematically illustrate the
maps of the respective examples.
[0041] In the example illustrated in FIG. 4, the target
jerk decreases as the vehicle speed increases. A specific
value can be determined by evaluating the deceleration
feel through experiments or the like.
[0042] In the example illustrated in FIG. 5, a drive mode
indicating a traveling characteristic specified by the user
is taken into consideration. If the drive mode is an econ-
omy mode in which the vehicle travels at a high fuel ef-
ficiency, the target jerk is set larger at the same speed
than that in a normal mode that is a drive mode other
than the economy mode. For example, the map illustrat-
ed in FIG. 4 is regarded as a map in the normal mode.
A map in the economy mode in FIG. 5 can be generated
based on values obtained by multiplying the values of
the target jerk in the map illustrated in FIG. 4 by a positive
coefficient α smaller than 1. For example, if the drive
mode is a sport mode in which the vehicle travels sportily,

the target jerk may be set smaller at the same speed than
that in the normal mode.
[0043] In the example illustrated in FIG. 6, a road gra-
dient is taken into consideration. If the road is a downward
slope, the target jerk is set smaller at the same speed
than that in a case of a flat road. For example, the map
illustrated in FIG. 4 is regarded as a map in the case of
the flat road. A map in the case of the downward slope
in FIG. 6 can be generated based on values obtained by
multiplying the values of the target jerk in the map illus-
trated in FIG. 4 by a coefficient β larger than 1.
[0044] If the road is an upward slope, the target jerk
may be set larger at the same speed than that in the case
of the flat road. For example, the map illustrated in FIG.
4 is regarded as a map in the case of the flat road. A map
in the case of the upward slope can be generated based
on values obtained by multiplying the values of the target
jerk in the map illustrated in FIG. 4 by a positive coefficient
γ smaller than 1.
[0045] The target jerk may be calculated based on both
the drive mode and the road gradient. For example, the
map illustrated in FIG. 4 is regarded as a map in a case
of the flat road and the normal mode. A map in a case of
the downward slope and the economy mode can be gen-
erated based on values obtained by multiplying the val-
ues of the target jerk in the map illustrated in FIG. 4 by
the coefficient α and the coefficient β. Similarly, a map
in a case of the upward slope and the economy mode
can be generated based on values obtained by multiply-
ing the values in the map illustrated in FIG. 4 by the co-
efficient α and the coefficient γ.
[0046] The target jerk calculation unit 110 can acquire
various types of information for use in the calculation of
the target jerk from various sensors or an electronic con-
trol unit (ECU) provided in the vehicle 1. In each example
described above, the target jerk calculation unit 110 ac-
quires information indicating the speed of the vehicle 1,
the drive mode specified by the user, or the road gradient.
The target jerk calculation unit 110 may acquire other
types of information for use in the calculation of the target
jerk in addition to or in place of those pieces of informa-
tion. For example, if a camera or a radar detects that
another vehicle is present within a predetermined dis-
tance ahead of the vehicle, the target jerk calculation unit
110 may acquire information indicating the detection and
calculate a target jerk smaller at the same speed than
that in a case where no other vehicle is present. Accord-
ing to those examples, a target jerk that provides an ap-
propriate deceleration feel to the user can be calculated
depending on conditions of the vehicle and its surround-
ings. The above description is illustrative, and the method
for calculating the target jerk is not particularly limited.
As described above, a basic map may be prepared and
the respective maps may be calculated through multipli-
cation by different coefficients depending on conditions
of the vehicle and its surroundings. Alternatively, the in-
dividual maps may be generated in advance depending
on conditions.
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[0047] Step S103: The first jerk calculation unit 120
calculates a first jerk that is a minimum jerk that causes
no shock in the vehicle 1 even if the first jerk is generated
in the first actuator unit 10 (jerk having a maximum ab-
solute value in a direction opposite to the traveling direc-
tion of the vehicle 1). For example, the shock is an un-
desirable phenomenon that deteriorates ride comfort by
being perceived by the user as an unintended abrupt
acceleration change or vibration when an impulse is in-
stantaneously applied to at least a part of the vehicle 1.
The shock typically occurs in the vehicle 1 due to a phe-
nomenon called gear rattling that occurs in gears consti-
tuting the differential gear 30.
[0048] FIG. 7 schematically illustrates how the gear
rattling occurs. The structure of the differential gear 30
is not limited. In any structure, a gear 31 provided on the
first actuator unit 10 side meshes with a gear 32 provided
on the wheel 40 side as illustrated in FIG. 7. In a state
on the left of FIG. 7, the first actuator unit 10 generates
a driving force for the vehicle 1. In the meshing relation-
ship between the gear 31 and the gear 32 as well, the
gear 31 is on a driving side relative to the gear 32. In FIG.
7, rotation directions of the gear 31 and the gear 32 are
represented by arrows, and the driving side is represent-
ed by an arrow wider than that of a driven side.
[0049] If the driving force generated by the first actuator
unit 10 decreases in the state on the left of FIG. 7, the
rotation speed of the gear 31 decreases, but the rotation
speed of the gear 32 is maintained by inertia of the vehicle
1. Therefore, as in the center of FIG. 7, the gear 31 and
the gear 32 are unmeshed, and their tooth flanks are
separated from each other. As in the right of FIG. 7, the
gear 31 and the gear 32 mesh with each other such that
tooth flanks opposite to those on the left of FIG. 7 are
brought into contact with each other. Therefore, the gear
31 is on a driven side relative to the gear 32.
[0050] If a negative jerk generated by the first actuator
unit 10 is extremely small, the impact speed of contact
between the tooth flanks increases and a great impulse
occurs between the tooth flanks when the meshing rela-
tionship between the gear 31 and the gear 32 is reversed.
As a result, a shock occurs. If the first actuator unit 10
generates a jerk equal to or larger than the first jerk, the
separation of the tooth flanks is unlikely to occur. Even
if the tooth flanks are separated and the meshing rela-
tionship is reversed, an impulse equal to or larger than
a predetermined value does not occur between the tooth
flanks, and the shock is suppressed. If the second actu-
ator unit 20 generates a negative jerk while the first ac-
tuator unit 10 is generating the jerk equal to or larger than
the first jerk, the rotation speed of the gear 32 tends to
decrease as compared to the case where the negative
jerk is not generated. Therefore, the separation of the
tooth flanks and the reversal of meshing are more unlikely
to occur, and the shock is suppressed.
[0051] Examples of the method for calculating the first
jerk are described. In each example, a predefined map
is used. FIGS. 8 and 9 schematically illustrate the maps

of the respective examples.
[0052] The example illustrated in FIG. 8 can be used
when the first actuator unit 10 includes a transmission.
In this example, the first jerk increases (the absolute val-
ue of the first jerk decreases) as the gear ratio of the
transmission increases (in a case of a lower gear). The
reason is as follows. As the gear ratio increases, the ro-
tation torque of the gear 31 increases. Therefore, a great
impulse occurs between the gear 31 and the gear 32
even in a case of a relatively large jerk. As a result, a
shock is likely to occur.
[0053] The example illustrated in FIG. 9 can be used
when the first actuator unit 10 includes a water-cooled
engine. In this example, the first jerk decreases (the ab-
solute value of the first jerk increases) as the temperature
of the coolant of the engine increases. The reason is as
follows. As the temperature of the coolant increases, the
output torque of the engine is more stable, and a great
rotation torque is unlikely to suddenly occur in the gear
32. Therefore, a great impulse is unlikely to suddenly
occur between the gear 31 and the gear 32 even in a
case of a relatively small jerk. As a result, the possibility
of a shock decreases.
[0054] The first jerk may be calculated based on both
the gear ratio of the transmission and the temperature of
the coolant of the engine. For example, a plurality of maps
indicating the relationship between the temperature of
the coolant and the first jerk as illustrated in FIG. 9 may
be prepared in association with a plurality of different
gear ratios. Alternatively, a plurality of maps indicating
the relationship between the gear ratio and the first jerk
as illustrated in FIG. 8 may be prepared in association
with a plurality of different temperatures of the coolant.
Specific values indicated by the maps can be determined
by evaluating the shock through experiments or the like.
[0055] The first jerk calculation unit 120 can acquire
various types of information for use in the calculation of
the first jerk from various sensors or the electronic control
unit (ECU) provided in the vehicle 1. In each example
described above, the first jerk calculation unit 120 ac-
quires information indicating the gear ratio of the trans-
mission or the temperature of the coolant of the engine.
[0056] The above description is illustrative, and the
method for calculating the first jerk is not particularly lim-
ited. If the first actuator unit 10 includes another actuator
such as a motor, the first jerk calculation unit 120 may
calculate the first jerk based on various conditions of the
other actuator such as the motor.
[0057] If the first actuator unit 10 is used by combining
or switching operations of a plurality of actuators such
as a motor and an engine, the first jerk calculation unit
120 may switch the method for calculating the first jerk
by using, for example, different maps depending on op-
eration conditions of the actuators.
[0058] For example, if the vehicle 1 includes two or
more differential gears 30 because four or more wheels
are driven, the first jerk may be set as a minimum jerk
that causes no shock in each of the differential gears 30.
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Thus, the first jerk can be calculated as appropriate based
on the structure of the first actuator unit 10.
[0059] Step S104: The second jerk calculation unit 130
calculates the second jerk that is a minimum jerk gener-
able by the second actuator unit 20. Examples of a meth-
od for calculating the second jerk are described below.
In each example, a predefined map is used.
[0060] FIG. 10 schematically illustrates a map accord-
ing to one example. The example illustrated in FIG. 10
can be used when the second actuator unit 20 includes
an in-wheel motor. In this example, the second jerk is
determined based on the charging rate (SOC) of a battery
that is provided in the vehicle 1 and is charged by regen-
erated power of the in-wheel motor.
[0061] FIG. 11 illustrates an example of a relationship
between the charging rate of the battery and a maximum
torque that is a maximum value of a torque generated by
a regenerative load. When the charging rate is equal to
or smaller than a predetermined value C, the ECU that
controls charging of the battery controls the maximum
torque at a relatively large constant value in order to ob-
tain a high electric generation efficiency. When the charg-
ing rate is larger than the predetermined value C, the
ECU controls the maximum torque to decrease in order
to reduce the electric generation efficiency as the charg-
ing rate increases. In conjunction with this relationship,
when the charging rate is equal to or smaller than the
predetermined value C, the second jerk is a relatively
small constant value as illustrated in FIG. 10. When the
charging rate is larger than the predetermined value C,
the second jerk increases (the absolute value of the sec-
ond jerk decreases) as the charging rate increases.
[0062] FIG. 12 schematically illustrates a map accord-
ing to another example. The example illustrated in FIG.
12 can be used when the second actuator unit 20 includes
an in-wheel motor. In this example, the second jerk is
determined based on the temperature of the in-wheel
motor.
[0063] FIG. 13 illustrates an example of a relationship
between the temperature of the in-wheel motor and a
maximum torque that is a maximum value of a torque
generable in a decelerating direction. When the temper-
ature falls within a predetermined range larger than a first
predetermined value θ1 and smaller than a second pre-
determined value θ2, the in-wheel motor is suitably op-
erable, and the ECU that controls an output torque of the
in-wheel motor controls the maximum torque at a rela-
tively large constant value. When the temperature falls
out of this range, the ECU controls the maximum torque
to decrease as the temperature deviates from the range
in order to protect the in-wheel motor. In conjunction with
this relationship, when the temperature of the in-wheel
motor falls within the predetermined range larger than
the first predetermined value θ1 and smaller than the
second predetermined value θ2, the second jerk is a rel-
atively small constant value as illustrated in FIG. 12.
When the temperature falls out of the predetermined
range, the second jerk increases (the absolute value of

the second jerk decreases) as the temperature deviates
from the predetermined range. In general, the in-wheel
motors are provided for two or more wheels 40 in a bi-
laterally symmetrical manner. Therefore, the second jerk
is practically set to the sum of minimum jerks generable
by the in-wheel motors.
[0064] FIG. 14 schematically illustrates a map accord-
ing to another example. The example illustrated in FIG.
14 can be used when the second actuator unit 20 includes
a service brake. In this example, the second jerk is de-
termined based on the temperature of a friction material
of the brake.
[0065] FIG. 15 illustrates an example of a relationship
between the temperature of the friction material of the
brake and a maximum brake torque that is a maximum
value of a generable brake torque. When the temperature
is equal to or smaller than a predetermined value θ, the
maximum brake torque is a relatively large constant val-
ue. When the temperature is larger than the predeter-
mined value θ, the friction force decreases and the max-
imum brake torque decreases as the temperature in-
creases. In conjunction with this relationship, when the
temperature of the friction material of the brake is equal
to or smaller than the predetermined value θ, the second
jerk is a relatively small constant value as illustrated in
FIG. 14. When the temperature is larger than the prede-
termined value θ, the second jerk increases (the absolute
value of the second jerk decreases) as the temperature
increases. In general, the service brakes are provided
for two or more wheels 40 in a bilaterally symmetrical
manner. Therefore, the second jerk is practically set to
the sum of minimum jerks generable by the service
brakes.
[0066] The second jerk calculation unit 130 can acquire
various types of information for use in the calculation of
the second jerk from various sensors or the electronic
control unit (ECU) provided in the vehicle 1. In each ex-
ample described above, the second jerk calculation unit
130 acquires information indicating the charging rate of
the battery, the temperature of the in-wheel motor, or the
temperature of the friction material of the brake.
[0067] The above description is illustrative, and the
method for calculating the second jerk is not particularly
limited. If the second actuator unit 20 includes another
actuator, the second jerk calculation unit 130 may calcu-
late the second jerk based on various conditions of the
other actuator.
[0068] If the second actuator unit 20 is used by com-
bining or switching operations of a plurality of actuators
such as an in-wheel motor and a service brake, the sec-
ond jerk calculation unit 130 may switch the method for
calculating the second jerk by using, for example, differ-
ent maps depending on operation conditions of the ac-
tuators. Thus, the second jerk can be calculated as ap-
propriate based on the structure of the second actuator
unit 20.
[0069] Step S105: The jerk control unit 140 compares
the target jerk to the first jerk. When the target jerk is
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equal to or larger than the first jerk, the jerk control unit
140 proceeds to Step S106. When the target jerk is small-
er than the first jerk, the jerk control unit 140 proceeds
to Step S107.
[0070] Step S106: In this step, the target jerk is equal
to or larger than the first jerk. Therefore, the first actuator
unit 10 can generate the target jerk alone. The jerk control
unit 140 instructs the first actuator unit 10 to generate
the target jerk. The engine, the transmission, or the motor
of the first actuator unit 10 is generally higher in durability
or stability than the in-wheel motor or the service brake
of the second actuator unit 20 provided for each wheel
40. By using the first actuator unit 10 with priority over
the second actuator unit 20 to generate the target jerk,
the component of the second actuator unit 20 having a
relatively low durability can be protected, and the jerk
can be generated stably. Particularly when a fuel cut for
the engine of the first actuator unit 10 or electrical regen-
eration of the motor is executed with priority over the use
of the service brake of the second actuator unit 20, the
fuel efficiency can be improved. Then, the jerk control
unit 140 proceeds to Step S101 to wait for the subsequent
start of the coasting state.
[0071] Step S107: In this step, the target jerk is smaller
than the first jerk. Therefore, the first actuator unit 10
cannot generate the target jerk alone. The jerk control
unit 140 instructs the first actuator unit 10 to generate
the first jerk.
[0072] Step S108: The jerk control unit 140 compares
the target jerk to the sum of the first jerk and the second
jerk. When the target jerk is equal to or larger than the
sum of the first jerk and the second jerk, the jerk control
unit 140 proceeds to Step S109. When the target jerk is
smaller than the sum of the first jerk and the second jerk,
the jerk control unit 140 proceeds to Step S110.
[0073] Step S109: In this step, the second actuator unit
20 can generate a jerk corresponding to a shortage of
the target jerk that is caused when the first jerk is gener-
ated by the first actuator unit 10 in Step S107. Thus, the
first actuator unit 10 and the second actuator unit 20 as
a whole can generate the target jerk in the vehicle 1. The
jerk control unit 140 instructs the second actuator unit 20
to generate a jerk corresponding to a jerk obtained by
subtracting the first jerk from the target jerk as an addi-
tional jerk to be added to the jerk generated by the first
actuator unit 10. Then, the jerk control unit 140 proceeds
to Step S101 to wait for the subsequent start of the coast-
ing state.
[0074] Step S110: In this step, even the second actu-
ator unit 20 cannot generate all the jerk corresponding
to the shortage of the target jerk that is caused when the
first jerk is generated by the first actuator unit 10 in Step
S107. However, the first actuator unit 10 and the second
actuator unit 20 as a whole can generate a possibly min-
imum jerk in the vehicle 1. The jerk control unit 140 in-
structs the second actuator unit 20 to generate the sec-
ond jerk as the additional jerk to be added to the jerk
generated by the first actuator unit 10. Then, the jerk

control unit 140 proceeds to Step S101 to wait for the
subsequent start of the coasting state.
[0075] For example, the jerks may be generated in
Steps S106, S107, S109, and S110 within a period re-
quired until the acceleration of the vehicle 1 reaches a
desired negative acceleration. For example, the desired
negative acceleration can be set by using a method sim-
ilar to that in the calculation of the target jerk. That is, a
target acceleration can be determined as an acceleration
that provides an appropriate deceleration feel by using,
for example, a map prepared depending on the vehicle
speed, the drive mode, or the road gradient. Alternatively,
the jerks may be generated within a predetermined pe-
riod, or the period may be set variably by using a method
similar to that in the calculation of the target jerk.
[0076] If the accelerator pedal sensor or the brake ped-
al sensor provided in the vehicle 1 detects a user’s op-
eration for the accelerator pedal or the brake pedal during
execution of the processing operations of Steps S102 to
S110, the processing is stopped, and the jerk control unit
140 proceeds to Step S101. Apart from this processing,
another controller performs general control on the driving
force or the braking force in response to the detected
operation for the accelerator pedal or the brake pedal.
[0077] Referring to FIGS. 16, 17, 18, and 19, descrip-
tion is given of how the jerks are controlled through the
processing described above. FIG. 16 is a graph in which
a horizontal axis represents time and a vertical axis rep-
resents the accelerator pedal operation amount. FIGS.
17, 18, and 19 are graphs in which a horizontal axis rep-
resents time and a vertical axis represents the acceler-
ation of the vehicle 1. The gradient of the acceleration
corresponds to the jerk. As illustrated in FIG. 16, the user
is operating the accelerator pedal when time t < T0, but
stops operating the accelerator pedal when time t = T0.
In the illustrated period, the user does not operate the
brake pedal.
[0078] FIG. 17 is a graph in a case where the target
jerk is equal to or larger than the first jerk. When time t ≤
T0, a positive acceleration is generated in the vehicle 1
in response to the user’s operation for the accelerator
pedal. When the time t falls within a period in which T0
< t ≤ T1, the first actuator unit 10 generates the target
jerk. In FIG. 17, an acceleration corresponding to the first
jerk is represented by a dotted line, and an acceleration
corresponding to the sum of the first jerk and the second
jerk is represented by a dashed line. In this example,
when time t = T1, the acceleration reaches the target
acceleration, and the first actuator unit 10 stops gener-
ating the jerk. When time t > T1, the target acceleration
is maintained.
[0079] FIG. 18 is a graph in a case where the target
jerk is smaller than the first jerk and larger than the sum
of the first jerk and the second jerk. When time t ≤ T0,
the positive acceleration is generated in the vehicle 1 in
response to the user’s operation for the accelerator ped-
al. When the time t falls within the period in which T0 < t
≤ T1, the first actuator unit 10 generates the first jerk, and
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the second actuator unit 20 generates a jerk correspond-
ing to (target jerk - first jerk).
[0080] In FIG. 18, an acceleration generated by the
first actuator unit 10 when time t > T0 is represented by
a dotted line, and an acceleration corresponding to the
sum of the first jerk and the second jerk when the time t
falls within the period in which T0 < t ≤ T1 is represented
by a dashed line. In this example, when time t = T1, the
acceleration reaches the target acceleration, and the first
actuator unit 10 and the second actuator unit 20 stop
generating the jerks. When time t > T1, the target accel-
eration is maintained.
[0081] FIG. 19 is a graph in a case where the target
jerk is equal to or smaller than the sum of the first jerk
and the second jerk. When time t ≤ T0, the positive ac-
celeration is generated in the vehicle 1 in response to
the user’s operation for the accelerator pedal. When the
time t falls within the period in which T0 < t ≤ T1, the first
actuator unit 10 generates the first jerk, and the second
actuator unit 20 generates the second jerk.
[0082] In FIG. 19, the acceleration generated by the
first actuator unit 10 when time t > T0 is represented by
a dotted line, and the acceleration corresponding to the
sum of the first jerk and the second jerk when the time t
falls within the period in which T0 < t ≤ T1 is represented
by a dashed line. In this example, when time t = T1, the
acceleration reaches the target acceleration, and the first
actuator unit 10 and the second actuator unit 20 stop
generating the jerks. When time t > T1, the target accel-
eration is maintained.

Effects

[0083] In this embodiment, the jerks are controlled by
setting the target jerk expected to provide an appropriate
deceleration feel. The first actuator unit 10 configured to
transmit the braking force to the wheels 40 via the differ-
ential gear 30 generates the jerk within the range in which
no shock is caused by the gear rattling in the differential
gear 30. The second actuator unit 20 configured to trans-
mit the braking force to the wheel 40 without intervention
of the differential gear 30 generates the jerk within a pos-
sible range to compensate for the shortage of the target
jerk. Thus, the appropriate deceleration feel of the vehicle
1 can be provided and the shock can be suppressed at
the same time. Accordingly, the ride comfort can be im-
proved.

Second Embodiment

[0084] In a second embodiment of the invention, the
second actuator unit 20 of the first embodiment includes
an in-wheel motor and a service brake, and the in-wheel
motor is used with priority over the service brake when
the second actuator unit 20 generates the additional jerk.
[0085] In this embodiment, details of the processing
operations of Steps S104, S109, and S110 of the first
embodiment are further specified. Description is given of

the processing operations according to this embodiment.
[0086] In Step S104, when the second jerk calculation
unit 130 calculates the second jerk, the second jerk cal-
culation unit 130 calculates a third jerk that is a minimum
jerk generable by the in-wheel motor, and a fourth jerk
that is a minimum jerk generable by the service brake.
For example, the method described in the first embodi-
ment may be used as a specific method for calculating
each jerk. The second jerk is determined as the sum of
the calculated third and fourth jerks.
[0087] In Step S109, when the jerk control unit 140
instructs the second actuator unit 20 to generate the jerk
corresponding to the jerk obtained by subtracting the first
jerk from the target jerk as the additional jerk, the jerk
control unit 140 compares the additional jerk to the third
jerk.
[0088] When the additional jerk is equal to or larger
than the third jerk, the in-wheel motor can generate the
additional jerk alone. In this case, the jerk control unit
140 instructs the second actuator unit 20 so that the in-
wheel motor generates the additional jerk.
[0089] When the additional jerk is smaller than the third
jerk, the in-wheel motor cannot generate the additional
jerk alone. In this case, the jerk control unit 140 instructs
the second actuator unit 20 so that the in-wheel motor
generates the third jerk and the service brake generates
a jerk corresponding to a jerk obtained by subtracting the
third jerk from the additional jerk.
[0090] In Step S110, the additional jerk is the second
jerk equal to the sum of the third jerk and the fourth jerk.
Therefore, the jerk control unit 140 instructs the second
actuator unit 20 so that the in-wheel motor generates the
third jerk and the service brake generates the fourth jerk.
[0091] Referring to FIGS. 20 and 21, description is giv-
en of how the jerks are controlled taking the processing
of Step S109 as an example. FIGS. 20 and 21 are graphs
in which a horizontal axis represents time and a vertical
axis represents the acceleration of the vehicle 1. The
gradient of the acceleration corresponds to the jerk. Sim-
ilarly to FIG. 16, the user is operating the accelerator
pedal when time t < T0, but stops operating the acceler-
ator pedal when time t = T0. In the illustrated period, the
user does not operate the brake pedal.
[0092] FIG. 20 is a graph in a case where the target
jerk is smaller than the first jerk and equal to or larger
than the sum of the first jerk and the third jerk. When time
t ≤ T0, the positive acceleration is generated in the vehicle
1 in response to the user’s operation for the accelerator
pedal. When the time t falls within the period in which T0
< t ≤ T1, the first actuator unit 10 generates the first jerk,
and the second actuator unit 20 generates the jerk cor-
responding to (target jerk - first jerk) as the additional jerk
by using the in-wheel motor.
[0093] In FIG. 20, the acceleration generated by the
first actuator unit 10 when time t > T0 is represented by
a dotted line, the acceleration corresponding to the sum
of the first jerk and the second jerk when the time t falls
within the period in which T0 < t ≤ T1 is represented by
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a dashed line, and an acceleration corresponding to the
sum of the first jerk and the third jerk is represented by
a long dashed short dashed line. In this example, when
time t = T1, the acceleration reaches the target acceler-
ation, and the first actuator unit 10 and the second actu-
ator unit 20 stop generating the jerks. When time t > T1,
the target acceleration is maintained.
[0094] FIG. 21 is a graph in a case where the target
jerk is smaller than the sum of the first jerk and the third
jerk. When time t ≤ T0, the positive acceleration is gen-
erated in the vehicle 1 in response to the user’s operation
for the accelerator pedal. When the time t falls within the
period in which T0 < t ≤ T1, the first actuator unit 10
generates the first jerk, and the second actuator unit 20
generates the third jerk by using the in-wheel motor and
generates a jerk corresponding to (target jerk - first jerk
- third jerk) by using the service brake. The second ac-
tuator unit 20 as a whole generates the jerk correspond-
ing to (target jerk - first jerk) as the additional jerk.
[0095] In FIG. 21, the acceleration generated by the
first actuator unit 10 when time t > T0 is represented by
a dotted line, an acceleration generated by the first ac-
tuator unit 10 and the in-wheel motor of the second ac-
tuator unit 20 is represented by a dashed line, and an
acceleration corresponding to the sum of the first jerk
and the third jerk when the time t falls within the period
in which T0 < t ≤ T1 is represented by a long dashed
short dashed line. In this example, when time t = T1, the
acceleration reaches the target acceleration, and the first
actuator unit 10 and the second actuator unit 20 stop
generating the jerks. When time t > T1, the target accel-
eration is maintained.

Effects

[0096] In this embodiment, the appropriate decelera-
tion feel of the vehicle 1 can be provided and the shock
can be suppressed at the same time similarly to the first
embodiment. Accordingly, the effect of improvement in
the ride comfort is attained. Further effects attained in
this embodiment are described below.
[0097] The jerk to be generated by the in-wheel motor
is obtained by using a regenerative load. Therefore, when
the in-wheel motor generates the jerk, kinetic energy of
the vehicle 1 can be converted into electric energy to
charge the battery. When the service brake generates
the jerk, the kinetic energy of the vehicle 1 is lost as fric-
tional heat. In this embodiment, the second actuator unit
20 generates the jerk by using the in-wheel motor with
priority over the service brake. Therefore, the energy loss
of the vehicle 1 can be reduced, and the fuel efficiency
can be improved.
[0098] This embodiment reduces the frequency of use
of the service brake including a consumable component
such as a friction material and having a relatively low
durability. Thus, the life of the component of the service
brake can be prolonged.
[0099] As a modification of this embodiment, the sec-

ond actuator unit 20 may include another actuator in
place of or in addition to the service brake as an actuator
other than the in-wheel motor as long as the in-wheel
motor can be used with priority. Alternatively, the second
actuator unit 20 may include another actuator in place of
or in addition to the in-wheel motor if the actuator is used
with priority over the service brake.

Third Embodiment

[0100] In a third embodiment of the invention, when
the second actuator unit 20 generates the additional jerk
in the second embodiment, the period of use of the serv-
ice brake is changed depending on a tendency of the
length of a previous foot transfer time of the user. That
is, in this embodiment, the period in which the service
brake generates the jerk is determined based on the foot
transfer time ranging from a timing when the user stops
operating the accelerator pedal to a timing when the user
operates the brake pedal through the coasting state of
the vehicle 1.
[0101] In this embodiment, processing of identifying
the tendency of the length of the foot transfer time is
performed in parallel to the processing operations of
Steps S101 to S110. FIG. 22 is a flowchart illustrating an
example of this processing. The processing is described
with reference to FIG. 22. This processing is executed in
the state in which the vehicle 1 can travel by being pow-
ered ON.
[0102] Step S201: The jerk control unit 140 sets the
value of a counter to an initial value of 0.
[0103] Step S202: The jerk control unit 140 constantly
acquires a user’s operation amount of the accelerator
pedal and a user’s operation amount of the brake pedal,
which are detected by the accelerator pedal sensor and
the brake pedal sensor provided in the vehicle 1, respec-
tively. The jerk control unit 140 waits for user’s foot trans-
fer. When the foot transfer occurs, the jerk control unit
140 measures the foot transfer time. That is, when the
jerk control unit 140 detects that transition is made from
the state in which the user is operating the accelerator
pedal to the coasting state in which the user is operating
neither the accelerator pedal nor the brake pedal, the
jerk control unit 140 acquires a time of transition to the
coasting state. When transition is made to the state in
which the user is operating the brake pedal, the jerk con-
trol unit 140 acquires a time of transition to this state. The
jerk control unit 140 determines a difference between the
times as the foot transfer time.
[0104] Step S203: The jerk control unit 140 compares
the foot transfer time to a predetermined time. When the
foot transfer time is equal to or shorter than the prede-
termined time, the jerk control unit 140 proceeds to Step
S204. When the foot transfer time is longer than the pre-
determined time, the jerk control unit 140 proceeds to
Step S205.
[0105] Step S204: The jerk control unit 140 increments
the value of the counter by 1. Then, the jerk control unit
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140 proceeds to Step S206.
[0106] Step S205: The jerk control unit 140 decre-
ments the value of the counter by 1. Then, the jerk control
unit 140 proceeds to Step S206.
[0107] Step S206: The jerk control unit 140 compares
the value of the counter to a predetermined value. When
the value of the counter is equal to or larger than the
predetermined value, the jerk control unit 140 proceeds
to Step S207. When the value of the counter is smaller
than the predetermined value, the jerk control unit 140
proceeds to Step S208.
[0108] Step S207: The jerk control unit 140 sets a pre-
determined period T as the period in which the service
brake is used when the second actuator unit 20 generates
the additional jerk. Then, the jerk control unit 140 pro-
ceeds to Step S202.
[0109] Step S208: When the jerk control unit 140 pro-
ceeds to this step, the foot transfer time of the user tends
to be longer than that in the case where the jerk control
unit 140 proceeds to Step S207. In conjunction with this
tendency, the jerk control unit 140 sets a predetermined
period T’ longer than the period T as the period in which
the service brake is used when the second actuator unit
20 generates the additional jerk. Then, the jerk control
unit 140 proceeds to Step S202.
[0110] For example, the execution of the processing
described above is started when the vehicle makes tran-
sition from a power-OFF state to a power-ON state, and
is terminated when the vehicle is powered OFF. In Step
S201, the counter value is initialized only in the first ex-
ecution. In the second and subsequent executions, the
last counter value in the previous execution may be used
as the counter value instead of initializing the counter
value. Alternatively, the counter value may be initialized
once in every predetermined number of executions, and
the last counter value in the previous execution may be
used in the other executions. Thus, the frequency of in-
itialization of the counter value is not limited. As the fre-
quency of initialization decreases, the tendency of the
foot transfer time of the user over a longer previous period
is reflected in the setting of the period in Step S207 or
S208. The timing to execute initialization may be varied
such that initialization is executed in response to a
change of the user of the vehicle 1.
[0111] In this embodiment, details of the processing
operation of Step S104 of the first embodiment are further
specified to be analogous to those of the second embod-
iment. The processing operations of Steps S109 and
S110 of the first embodiment are partially analogous to
those of the second embodiment, but are changed par-
tially. Description is given of the processing operations
according to this embodiment.
[0112] In Step S104, when the second jerk calculation
unit 130 calculates the second jerk, the second jerk cal-
culation unit 130 separately calculates the third jerk that
is a minimum jerk generable by the in-wheel motor, and
the fourth jerk that is a minimum jerk generable by the
service brake. For example, the method described in the

first embodiment may be used as a specific method for
calculating each jerk. The second jerk is determined as
the sum of the calculated third and fourth jerks. The
processing of this step is analogous to that of the second
embodiment.
[0113] In Step S109, when the jerk control unit 140
instructs the second actuator unit 20 to generate the jerk
corresponding to the jerk obtained by subtracting the first
jerk from the target jerk as the additional jerk, the jerk
control unit 140 compares the additional jerk to the third
jerk.
[0114] When the additional jerk is equal to or larger
than the third jerk, the in-wheel motor can generate the
additional jerk alone. In this case, the jerk control unit
140 instructs the second actuator unit 20 so that the in-
wheel motor generates the additional jerk.
[0115] When the additional jerk is smaller than the third
jerk, the in-wheel motor cannot generate the additional
jerk alone. In this case, the jerk control unit 140 instructs
the second actuator unit 20 so that the in-wheel motor
generates the third jerk and the service brake generates
the jerk corresponding to the jerk obtained by subtracting
the third jerk from the additional jerk. Step S109 is anal-
ogous to that of the second embodiment up to this phase.
The subsequent processing is different from that of the
second embodiment.
[0116] The jerk control unit 140 causes the service
brake to generate the jerk for the period T or the period
T’ set as the period of use of the service brake. Then,
the service brake stops generating the jerk.
[0117] In Step S110, the additional jerk is the second
jerk equal to the sum of the third jerk and the fourth jerk.
Therefore, the jerk control unit 140 instructs the second
actuator unit 20 so that the in-wheel motor generates the
third jerk and the service brake generates the fourth jerk.
Step S110 is analogous to that of the second embodiment
up to this phase. The subsequent processing is different
from that of the second embodiment.
[0118] The jerk control unit 140 causes the service
brake to generate the jerk for the period T or the period
T’ set as the period of use of the service brake. Then,
the service brake stops generating the jerk.
[0119] Referring to FIGS. 23 and 24, description is giv-
en of how the jerks are controlled taking the processing
of Step S109 as an example. FIGS. 23 and 24 are graphs
in which a horizontal axis represents time and a vertical
axis represents the user’s operation amount of the brake
pedal and the acceleration of the vehicle 1. The gradient
of the acceleration corresponds to the jerk. Similarly to
FIG. 16, the user is operating the accelerator pedal when
time t < T0, but stops operating the accelerator pedal
when time t = T0.
[0120] FIG. 23 is a graph in a case where the target
jerk is smaller than the sum of the first jerk and the third
jerk. When time t ≤ T0, the positive acceleration is gen-
erated in the vehicle 1 in response to the user’s operation
for the accelerator pedal. In the example illustrated in
FIG. 23, the foot transfer time of the user tends to be
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relatively short. The jerk control unit 140 sets the period
T as the period in which the second actuator unit 20 uses
the service brake.
[0121] When the time t falls within the period in which
T0 < t ≤ T1 corresponding to the period T, the first actuator
unit 10 generates the first jerk. Further, the second ac-
tuator unit 20 generates the third jerk by using the in-
wheel motor and generates the jerk corresponding to (tar-
get jerk - first jerk - third jerk) by using the service brake.
Thus, the second actuator unit 20 as a whole generates
the jerk corresponding to (target jerk - first jerk) as the
additional jerk.
[0122] When the time t falls within a period in which T1
< t ≤ T2 until the user operates the brake pedal when
time t = T2, the first actuator unit 10 generates the first
jerk, and the second actuator unit 20 generates the third
jerk by using the in-wheel motor but does not generate
the jerk by using the service brake. When time t ≥ T2,
the service brake generates a braking force based on a
user’s operation for the brake pedal, and the acceleration
further decreases.
[0123] In FIG. 23, an acceleration corresponding to the
sum of the first jerk and the third jerk when the time t falls
within a period in which T0 < t ≤ T2 is represented by a
long dashed short dashed line. Further, an acceleration
under the assumption that the service brake continues
to generate the jerk when the time t falls within the period
in which T1 < t ≤ T2 is represented by a dotted line.
[0124] FIG. 24 is a graph in a case where the target
jerk is smaller than the sum of the first jerk and the third
jerk similarly to FIG. 23. When time t ≤ T0, the positive
acceleration is generated in the vehicle 1 in response to
the user’s operation for the accelerator pedal. In the ex-
ample illustrated in FIG. 24, the foot transfer time of the
user tends to be relatively long unlike the example illus-
trated in FIG. 23. The jerk control unit 140 sets the period
T’ (> T) as the period in which the second actuator unit
20 uses the service brake.
[0125] When the time t falls within a period in which T0
< t ≤ T1’ corresponding to the period T’, the first actuator
unit 10 generates the first jerk. Further, the second ac-
tuator unit 20 generates the third jerk by using the in-
wheel motor and generates the jerk corresponding to (tar-
get jerk - first jerk - third jerk) by using the service brake.
Thus, the second actuator unit 20 as a whole generates
the jerk corresponding to (target jerk - first jerk) as the
additional jerk.
[0126] When the time t falls within a period in which
T1’ < t ≤ T2’ until the user operates the brake pedal when
time t = T2’, the first actuator unit 10 generates the first
jerk, and the second actuator unit 20 generates the third
jerk by using the in-wheel motor but does not generate
the jerk by using the service brake. When time t ≥ T2’,
the service brake generates a braking force based on a
user’s operation for the brake pedal, and the acceleration
further decreases.
[0127] In FIG. 24, an acceleration corresponding to the
sum of the first jerk and the third jerk when the time t falls

within a period in which T0 < t ≤ T2’ is represented by a
long dashed short dashed line. Further, an acceleration
under the assumption that the service brake continues
to generate the jerk when the time t falls within the period
in which T1’ < t ≤ T2’ is represented by a dotted line.
[0128] In the example illustrated in FIG. 23, the service
brake does not operate when the time t falls within the
period in which T1 < t ≤ T2. In the example illustrated in
FIG. 24, the service brake does not operate when the
time t falls within the period in which T1’ < t ≤ T2’. In those
periods, the service brake is not used intendedly even if
the target jerk can be achieved by using the service
brake. Effects of this setting are described below.
[0129] In general, the service brake generates the
braking force such that a pressure of oil in a cylinder or
a pressure of air is increased, the pressure is transmitted
for driving to the friction material provided for each wheel
40 via a brake pipe, and the friction material is pushed
against a disc or drum provided for each wheel 40. The
operation principle of the service brake is basically the
same in a case where the service brake is operated by
the second actuator unit 20 and in a case where the serv-
ice brake is operated by a user’s operation of depressing
the brake pedal.
[0130] In the service brake, the pressure of the oil or
the like is controlled in a system in which a force gener-
ated by the user’s operation for the brake pedal is dy-
namically and directly transmitted to the oil in the cylinder
or the like, a system in which the operation amount of
the brake pedal is detected by the brake pedal sensor
and a force that is based on the detected operation
amount is generated by an electric component and trans-
mitted to the oil or the like (brake-by-wire system), or a
system using both the systems described above. If at
least a part of the force generated by the user’s operation
for the brake pedal is directly transmitted to the oil or the
like, the pressure of the oil or the like is generated on the
brake pedal as a resistance force through reaction to the
transmission of the force. In this case, the resistance
force to the operation amount of the pedal has different
characteristics between a case where the second actu-
ator unit 20 generates the braking force by using the serv-
ice brake at the start of the user’s operation for the brake
pedal and a case where the second actuator unit 20 does
not generate the braking force by using the service brake
at the start of the user’s operation for the brake pedal.
Therefore, the user’s operation feel for the brake differs
between the two cases.
[0131] For example, the service brake according to this
embodiment is not a complete brake-by-wire system, and
the resistance force to the operation amount of the brake
pedal has different characteristics in the case where the
braking force is generated at the start of operation as
compared to the case where the braking force is not gen-
erated at the start of operation.
[0132] In this embodiment, the period T or T’ can be
set to a value at which the period T or T’ is expected to
end earlier than the timing of the user’s operation for the
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brake pedal as in the examples illustrated in FIGS. 23
and 24 by appropriately setting the predetermined time
used in Step S203, the predetermined value used in Step
S206, and the periods T and T’ to be set in Steps S207
and S208, and by repeating the processing operations
of Steps S202 to S208. For example, the period T may
be set shorter than the predetermined time in Step S203,
the period T’ may be set longer than the predetermined
time, and the predetermined value may be set to 0.
[0133] In the period T or T’ after the start of coasting,
the second actuator unit 20 can generate the jerk by using
the service brake. After an elapse of the period T or T’,
the second actuator unit 20 can stop generating the jerk
by using the service brake before the time when the user
operates the brake pedal, which is predicted based on
the tendency of the previous foot transfer time of the user.
Therefore, influence on the operation feel obtained when
the user depresses the brake pedal can be reduced even
when the second actuator unit 20 generates the jerk by
using the service brake.

Effects

[0134] In this embodiment, the generation of the jerk
is partially limited as compared to the first embodiment
and the second embodiment, but the jerk is generated
within a possible range. Therefore, the appropriate de-
celeration feel of the vehicle 1 can be provided and the
shock can be suppressed at the same time similarly to
the first embodiment and the second embodiment. Ac-
cordingly, the ride comfort can be improved. Further ef-
fects attained in this embodiment are described below.
[0135] In this embodiment, the period in which the sec-
ond actuator unit 20 can generate the jerk by using the
service brake is limited as described above so that the
period ends earlier than the time when the user is ex-
pected to operate the brake pedal. Thus, even if the re-
sistance force to the operation amount of the brake pedal
has, depending on the structure of the service brake,
different characteristics between the case where the
braking force is generated at the start of operation and
the case where the braking force is not generated at the
start of operation and if the second actuator unit 20 gen-
erates the jerk by using the service brake, the possibility
of influence on the operation feel of the brake pedal that
may lead to user’s discomfort can be reduced when the
user operates the brake pedal after the generation of the
jerk.
[0136] The period in which the second actuator unit 20
can generate the jerk by using the service brake is set
based on the tendency of the previous foot transfer time
of the user. Therefore, if the foot transfer time tends to
be relatively long, the jerk can be generated by using the
service brake for a relatively long time. Thus, the decel-
eration feel during coasting can be obtained more suita-
bly than a case where the jerk is generated by using the
service brake for a relatively short time.
[0137] There is no limitation on the method for setting

the periods T and T’ in which the second actuator unit 20
can generate the jerk by using the service brake. The
periods may be set by using various leaning algorithms
as long as a longer period can be set as the previous foot
transfer time of the user tends to be longer and the gen-
eration of the jerk using the service brake can be termi-
nated before the time when the user is expected to op-
erate the brake pedal based on the previous foot transfer
time to prevent influence on the operation feel of the
brake pedal.
[0138] For example, when the target acceleration is
set as described in the first embodiment and the accel-
eration of the vehicle 1 reaches the target acceleration
before the period T or T’ elapses, the generation of the
jerk may be stopped at this time.
[0139] In this embodiment, it is only necessary that the
operation period of the service brake can be limited based
on the tendency of the foot transfer time of the user. The
second actuator unit 20 may include the service brake
alone without other actuators, or may include another
actuator in place of or in addition to the in-wheel motor.
[0140] Although the embodiments of the invention
have been described above, the features of the embod-
iments may be combined, modified, or omitted as appro-
priate. The invention may be regarded not only as the
braking force controller but also as, for example, a brak-
ing force control method to be executed by one or more
computers provided in the braking force controller, a
braking force control program, a non-transitory compu-
ter-readable recording medium that stores the braking
force control program, a braking force control system,
and a vehicle on which the braking force control system
is mounted.
[0141] The invention is useful in a braking force con-
troller to be mounted on a vehicle or the like.

Claims

1. A braking force controller for a vehicle including a
differential gear (30), a first actuator unit (10) config-
ured to generate a braking force in the vehicle by
transmitting a force to a wheel (40) via the differential
gear (30), and a second actuator unit (20) configured
to generate a braking force in the vehicle by trans-
mitting a force to the wheel (40) without intervention
of the differential gear (30), the braking force con-
troller being configured to control the braking forces
to be generated in the vehicle in a coasting state in
which an operation amount of an accelerator pedal
changes to 0 from a value other than 0 and an op-
eration amount of a brake pedal is 0, the braking
force controller comprising a processor, the proces-
sor being configured to:

calculate a target jerk to be generated to obtain
the braking forces, the target jerk being a target
value of a jerk that is negative when a traveling
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direction of the vehicle is defined as a positive
direction;
calculate a first jerk that causes no shock in the
differential gear (30) when the first jerk is gen-
erated by the first actuator unit (10), the first jerk
being a minimum jerk when the traveling direc-
tion of the vehicle is defined as the positive di-
rection;
calculate a second jerk generable by the second
actuator unit (20), the second jerk being a min-
imum jerk when the traveling direction of the ve-
hicle is defined as the positive direction; and
control the first actuator unit (10) and the second
actuator unit (20) to generate jerks at a start of
the coasting state,
wherein the processor is configured to:

i) cause the first actuator unit (10) to gener-
ate the target jerk when the target jerk is
equal to or larger than the first jerk;
ii) cause the first actuator unit (10) to gen-
erate the first jerk and the second actuator
unit (20) to generate a jerk obtained by sub-
tracting the first jerk from the target jerk as
an additional jerk when the target jerk is
smaller than the first jerk and equal to or
larger than a sum of the first jerk and the
second jerk; and
iii) cause the first actuator unit (10) to gen-
erate the first jerk and the second actuator
unit (20) to generate the second jerk as the
additional jerk when the target jerk is smaller
than the sum of the first jerk and the second
jerk.

2. The braking force controller according to claim 1,
wherein the processor is configured to calculate the
target jerk based on a vehicle speed.

3. The braking force controller according to claim 2,
wherein the processor is configured to calculate the
target jerk based on at least one of a drive mode and
a road gradient, the drive mode indicating a traveling
characteristic specified by a user.

4. The braking force controller according to any one of
claims 1 to 3, wherein:

the first actuator unit (10) includes at least an
engine; and
the processor is configured to calculate the first
jerk based on at least a temperature of a coolant
of the engine.

5. The braking force controller according to any one of
claims 1 to 4, wherein:

the first actuator unit (10) includes at least a

transmission; and
the processor is configured to calculate the first
jerk based on at least a gear ratio of the trans-
mission.

6. The braking force controller according to any one of
claims 1 to 5, wherein:

the second actuator unit (20) includes an in-
wheel motor; and
the processor is configured to calculate the sec-
ond jerk based on at least one of a charging rate
of a battery and a temperature of the in-wheel
motor, the battery being charged by regenerated
power of the in-wheel motor.

7. The braking force controller according to any one of
claims 1 to 5, wherein:

the second actuator unit (20) includes a service
brake; and
the processor is configured to calculate the sec-
ond jerk based on a temperature of a friction
material of the service brake.

8. The braking force controller according to any one of
claims 1 to 5, wherein:

the second actuator unit (20) includes an in-
wheel motor and a service brake; and
the processor is configured to:

calculate a third jerk generable by the in-
wheel motor, the third jerk being a minimum
jerk when the traveling direction of the ve-
hicle is defined as the positive direction;
cause the in-wheel motor to generate the
additional jerk when the additional jerk is
equal to or larger than the third jerk;
cause the in-wheel motor to generate the
third jerk when the additional jerk is smaller
than the third jerk; and
cause the service brake to generate a jerk
obtained by subtracting the third jerk from
the additional jerk.

9. The braking force controller according to any one of
claims 1 to 5, wherein:

the second actuator unit (20) includes a service
brake;
the service brake is configured such that a re-
sistance force to the operation amount of the
brake pedal when the braking force is generated
at a start of operation has a characteristic differ-
ent from a characteristic of a resistance force to
the operation amount of the brake pedal when
the braking force is not generated at the start of
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the operation; and
the processor is configured to measure a foot
transfer time ranging from the start of the coast-
ing state by the user to the start of the operation
of the brake pedal by the user, and determine,
based on the measured foot transfer time, a pe-
riod in which the jerk is generated by using the
service brake.

10. A vehicle, comprising:

a differential gear (30);
a first actuator unit (10) configured to generate
a braking force in the vehicle by transmitting a
force to a wheel (40) via the differential gear (30);
a second actuator unit (20) configured to gen-
erate a braking force in the vehicle by transmit-
ting a force to the wheel (40) without intervention
of the differential gear (30); and
a braking force controller (100) configured to
control the braking forces to be generated in the
vehicle in a coasting state in which an operation
amount of an accelerator pedal changes to 0
from a value other than 0 and an operation
amount of a brake pedal is 0, the braking force
controller (100) being configured to:

calculate a target jerk to be generated to
obtain the braking forces, the target jerk be-
ing a target value of a jerk that is negative
when a traveling direction of the vehicle is
defined as a positive direction;
calculate a first jerk that causes no shock in
the differential gear (30) when the first jerk
is generated by the first actuator unit (10),
the first jerk being a minimum jerk when the
traveling direction of the vehicle is defined
as the positive direction;
calculate a second jerk generable by the
second actuator unit (20), the second jerk
being a minimum jerk when the traveling di-
rection of the vehicle is defined as the pos-
itive direction; and
control the first actuator unit (10) and the
second actuator unit (20) to generate jerks
at a start of the coasting state,

wherein the braking force controller (100) is con-
figured to:

i) cause the first actuator unit (10) to gener-
ate the target jerk when the target jerk is
equal to or larger than the first jerk;
ii) cause the first actuator unit (10) to gen-
erate the first jerk and the second actuator
unit (20) to generate a jerk obtained by sub-
tracting the first jerk from the target jerk as
an additional jerk when the target jerk is

smaller than the first jerk and equal to or
larger than a sum of the first jerk and the
second jerk; and
iii) cause the first actuator unit (10) to gen-
erate the first jerk and the second actuator
unit (20) to generate the second jerk as the
additional jerk when the target jerk is smaller
than the sum of the first jerk and the second
jerk.

11. The vehicle according to claim 10, wherein the brak-
ing force controller (100) is configured to calculate
the target jerk based on a vehicle speed.

12. The vehicle according to claim 11, wherein the brak-
ing force controller (100) is configured to calculate
the target jerk based on at least one of a drive mode
and a road gradient, the drive mode indicating a
traveling characteristic specified by a user.

13. The vehicle according to any one of claims 10 to 12,
wherein:

the first actuator unit (10) includes at least an
engine; and
the braking force controller (100) is configured
to calculate the first jerk based on at least a tem-
perature of a coolant of the engine.

14. The vehicle according to any one of claims 10 to 13,
wherein:

the first actuator unit (10) includes at least a
transmission; and
the braking force controller (100) is configured
to calculate the first jerk based on at least a gear
ratio of the transmission.

15. The vehicle according to any one of claims 10 to 14,
wherein:

the second actuator unit (20) includes an in-
wheel motor; and
the braking force controller (100) is configured
to calculate the second jerk based on at least
one of a charging rate of a battery and a tem-
perature of the in-wheel motor, the battery being
charged by regenerated power of the in-wheel
motor.

16. The vehicle according to any one of claims 10 to 14,
wherein:

the second actuator unit (20) includes a service
brake; and
the braking force controller (100) is configured
to calculate the second jerk based on a temper-
ature of a friction material of the service brake.
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17. The vehicle according to any one of claims 10 to 14,
wherein:

the second actuator unit (20) includes an in-
wheel motor and a service brake; and
the braking force controller (100) is configured
to:

calculate a third jerk generable by the in-
wheel motor, the third jerk being a minimum
jerk when the traveling direction of the ve-
hicle is defined as the positive direction;
cause the in-wheel motor to generate the
additional jerk when the additional jerk is
equal to or larger than the third jerk;
cause the in-wheel motor to generate the
third jerk when the additional jerk is smaller
than the third jerk; and
cause the service brake to generate a jerk
obtained by subtracting the third jerk from
the additional jerk.

18. The vehicle according to any one of claims 10 to 14,
wherein:

the second actuator unit (20) includes a service
brake;
the service brake is configured such that a re-
sistance force to the operation amount of the
brake pedal when the braking force is generated
at a start of operation has a characteristic differ-
ent from a characteristic of a resistance force to
the operation amount of the brake pedal when
the braking force is not generated at the start of
the operation; and
the braking force controller (100) is configured
to measure a foot transfer time ranging from the
start of the coasting state by the user to the start
of the operation of the brake pedal by the user,
and determine, based on the measured foot
transfer time, a period in which the jerk is gen-
erated by using the service brake.
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